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Introduction 

Sets of Bonnet- spheres are used at Fermilab to determine neutron energy 

spectra. The laboratory presently has two sets of spheres, one of "high 

density" (0.95 g/cm31 and one of "low density" (0.92 g/cm3). 

It has been customary, with other experimenters, to use only high density 

polyethylene for Bonner spheres. Consequently, response functions for Bonner 

detectors have been calculated by Ref. 1 and others assuming 0.95 g/cm3 density. 

There are no calculated response matrices available in the literature for 0.92 

g/cm3 spheres. 

The purpose of this report is to obtain response matrices for 0.92 g/cm3 

density Bonner spheres. These matrices may be used in neutron spectra unfolding 

codes to analyze data taken with low density spheres. 



Response Matrices for Bonner Detectors 

Fermilab uses either 8x8 mm LiI phoswich detectors or stacks of LiF TLD's 

in measurements using Bonner spheres. The energy groups and response matrices 

(from Ref. 1) for 8x8 mm and 4x4 mm (approximate size of TLD stacks) detectors 

used in connection with 0.95 g/cm3 density polyethylene are listed in Tables 1, 

2 and 3 for easy reference. They are presently used in unfolding codes at 

Fermilab. 

Reference 1 also contains response matrices corresponding to 0.5 x 0.5 inch 

LiI computed for 0.90, 0.95, and 1.0 g/cm3 densities. Comparison is made there 

between a response matrix computed with transport codes for 0.95 g/cm3 density 

and a matrix determined by linear interpolation between the .90 and 1.0 g/cm3 

density matrices. Interpolated and computed values generally differ by less 

than 1% but in some cases, notably at low energies with the 12 inch sphere, 

corresponding matrix elements differ by as much as 6%. 

We obtained approximate response matrix elements for 0.92 g/cm3 density by 

interpolating between the 0.90 and 0.95 g/cm3 density 0.5 x 0.5 inch LiI matrix 

elements of Ref. 1 as follows: 

R92 
ij = R90ij + 0.4 (R95 ij-R90ij) 

where R90ij, R92ij, and ~95~~ are the ij elements of the 0.90, 0.92, and 0.95 

g/cm3 matrices, respectively. 

Ratios Rij = R92ij/R95ij (2) 



are used to calculate .92 g/cm3 density matrix elements from 0.95 g/cm3 elements 

for any detector size used with the spheres. Those ratios are listed in Table 

4. A given element in the 0.92 g/cm3 density matrix is obtained by multiplying 

the corresponding element in the 0.95 density matrix by the appropriate ratio 

factor in the array of Table 4. 

The 0.92 g/cm3 density response matrices for 4x4 mm and 8x8 mm LiI 

detectors obtained by the above interpolation method are shown in Tables 5 and 

6. Errors in the matrix elements of Tables 5 and 6 are expected to be less than 

3% at most. 

A sample comparison plot of 0.92 and 0.95 g/cm3 density response matrices 

for the 3 inch sphere and 8x8 mm detector are shown in Fig. 1. The difference 

in magnitude of the two curves varies noticeably over the energy range, as 

expected. It is evident, too, that the two response function curves cross at 

about 1 keV energy. This is consistent with Table 4 and the .5 x .5 inch 

response matrices of Ref. 1. 

Summary 

In the absence of available 0.92 g/cm3 density response functions, 

approximate response matrices for 4x4 mm and 8x8 mm LiI corresponding to that 

density were calculated by linear interpolation from published 0.5 x 0.5 inch 

response functions. 
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Table Titles 

Table 1 Energies and Energy Increments Computed from HASL-267, Table 1. 

Table 2 Response Matrix for 4x4 mm LiI detector and 0.95 gm/cm3 density 

spheres. 

Table 3 Response Matrix for 8x8 mm Li I detector and 0.95 gm/cm3 density 

spheres. 

Table 4 Ratios obtained from interpolation calculation. Ratio values times 

0.95 g/cm3 density matrix elements yield corresponding 0.92 g/cm3 

density matrix elements. 

Table 5 Response Matrix for 4x4 mm LiI detector and 0.92 g/cm3 density spheres. 

Table 6 Response Matrix for 8x8 mm LiI detector and 0.92 g/cm3 density spheres. 

Figure Caption 

ions for Figure 1 Comparison of 0.92 and 0.95 g/cm3 density response funct 

inch sphere and 8x8 mm LiI detector. 
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